Objective To examine whether anti-inflammatory drug treatment protects against the commoner cancers in the United Kingdom. Design Case-control study using the general practice research database. Setting Practices throughout United Kingdom providing data to the database. Subjects Patients who had a first diagnosis of five gastrointestinal (oesophagus, stomach, colon, rectum, and pancreas) cancers and four non-gastrointestinal (bladder, breast, lung, and prostate) cancers in 1993-5 for whom prescription data were available for the at least the previous 36 months. Each case was matched for age, sex, and general practice with three controls. Main outcome measure Risk of cancer. Results In 12 174 cancer cases and 34 934 controls overall risk of the nine cancers was not significantly reduced among those who had received at least seven prescriptions in the 13-36 months before cancer diagnosis (odds ratio 0.98, 95% confidence interval 0.89 to 1.07). Findings were nevertheless compatible with protective effects from anti-inflammatory drugs against cancers of the oesophagus (0.64, 0.41 to 0.98), stomach (0.51, 0.33 to 0.79), colon (0.76, 0.58 to 1.00), and rectum (0.75, 0.49 to 1.14) with dose related trends. The risk of pancreatic cancer (1.49, 1.02 to 2.18) and prostatic cancer (1.33, 1.07 to1.64) was increased among patients who had received at least seven prescriptions, but the trend was dose related for only pancreatic cancer. Conclusions Anti-inflammatory drugs may protect against oesophageal and gastric cancer as well as colon and rectal cancer. The increased risks of pancreatic and prostatic cancer could be due to chance or to undetected biases and warrant further investigation.
Introduction
Epidemiological evidence has consistently shown that people who have taken aspirin or other non-steroidal anti-inflammatory drugs are at reduced risk of developing or dying from colon cancer. 1 2 The extent to which treatment protects against other cancers is unclear, although in epidemiological studies fewer fatal cases of gastric and oesophageal cancer than expected have been found 2 and the occurrence of experimentally induced bladder, breast, and colon cancer in animals has been reduced by giving non-steroidal anti-inflammatory drugs concurrently with carcinogens. [3] [4] [5] The extent to which treatment might protect against different varieties of cancer in humans could be investigated by separate case-control or case-cohort studies, but this time consuming and labour intensive method can be avoided by examining information held on automated databases that record drug prescriptions and clinical outcomes. We used the general practice research database to examine information about previous prescription of aspirin and other nonsteroidal anti-inflammatory drugs and occurrence of the common cancers in the United Kingdom.
Methods
The general practice research database is a national dataset managed for the Department of Health containing anonymised patient records on about four million UK residents. Contributing general practices, which are distributed throughout the United Kingdom, record standard data on demography, morbidity, and prescriptions and selected other information. The quality of data is regularly assessed. 6 With ethics committee approval we identified practices with at least four years of information meeting the required standard and abstracted data on all patients with a first diagnosis of five gastrointestinal cancers (oesophagus, stomach, pancreas, colon, and rectum) and four non-gastrointestinal cancers (bladder, breast, lung, and prostate) during 1993-5. Each case was then individually matched for age (within five years), sex, and general practice with three controls. Controls were patients without a diagnosis of the case's type of cancer at the time the case was diagnosed. We also obtained information on recorded current smoking habits.
Data on prescriptions for aspirin and other non-steroidal anti-inflammatory drugs (all drugs listed in British National Formulary subsection 10.1.1) were extracted for each case and control for the 13-36 months before cancer diagnosis (and equivalent data were extracted for controls). Information on smoking habits was used to classify patients as ever smokers or never smokers. Conditional logistic regression was used to analyse associations between numbers of prescriptions and risk of cancer for all sites together and each separately. Odds ratios (adjusted for smoking habits and age) were calculated with 95% confidence intervals, and dose-response relations were tested for trend. In the primary analyses we examined overall cancer incidence in relation to drug use and compared risks of gastrointestinal and non-gastrointestinal cancers.
Results
We identified 12 174 patients with a first diagnosis of the study cancers in 1993-5 who had prescription data available for the previous 36 months. Eighteen patients with multiple cancers were excluded from analyses of individual sites, with their controls. Table 1 shows, for each cancer site, the numbers of cases and matched controls by sex and the numbers who had ever received prescriptions for aspirin or other nonsteroidal anti-inflammatory drugs. Table 2 shows the odds ratios for gastrointestinal cancer associated with receipt of prescriptions for aspirin or other non-steroidal anti-inflammatory drugs in the periods studied. For oesophageal, gastric, colon, and rectal cancer the odds ratios tended to fall with increasing number of prescriptions issued. The trends occurred in both the 13-24 and 25-36 months before cancer diagnosis and were significant for oesophageal and gastric cancer in the combined period of 13-36 months (P = 0.03 and P = 0.02 respectively). For patients who had received at least seven prescriptions in the 13-36 months before diagnosis, odds ratios were consistently reduced for oesophageal (0.64, 95% confidence interval 0.41 to 0.98), gastric (0.51, 0.33 to 0.79), colon (0.76, 0.58 to 1.00), and rectal (0.75, 0.49 to 1.14) cancer, with matching, though not always significant, dose related trends.
By contrast, odds ratios were raised significantly in patients who had received at least seven prescriptions in the 13-36 months before diagnosis of pancreatic cancer (1.49, 1.02 to 2.18). Figures for prostatic cancer were also consistently raised, and the trend was highly significant (P < 0.0001), although without a clear doseresponse relation. Odds ratios for bladder and breast cancer were close to unity, and there was an insignificant trend towards a reduced risk for lung cancer. When all the nine cancers were considered together the odds ratio was close to unity (0.98, 0.89 to 1.07) in patients receiving at least seven prescriptions in the 13-36 months before cancer diagnosis. The odds ratios in table 2 were adjusted for age and smoking, although the estimates without adjusting were similar for all cancer sites.
Discussion
We found trends towards reduced incidence of colorectal cancers among people taking aspirin or other non-steroidal anti-inflammatory drugs, with the greatest reductions among those receiving more prescriptions. Our findings are similar to those of most previous case-cohort studies 1 2 7-9 but do not show the stronger protection found in some case-control studies. The trends towards protection existed whether drug prescription was examined in the 13-24 months or 25-36 months before cancer diagnosis.
We also found evidence of protection against oesophageal and gastric cancer. Four of the six previous studies were too small to give reliable information. [9] [10] [11] [12] Thun et al found non-significant evidence of protection in 176 patients dying of oesophageal cancer and 308 dying of gastric cancer, 2 and Farrow et al, in a case-control study of over 500 cases each of oesophageal and gastric cancer, noted significant reductions in risk of oesophageal adenocarcinoma and squamous carcinoma (odds ratios 0.37 and 0.49 respectively) and of non-cardia gastric carcinoma (0.46) but not of cardia cancer. 13 Our findings support the case for protection and suggest that protection may be at least as good as for colorectal cancer. The results for gastric cancer could have been confounded by avoidance of anti-inflammatory drugs for patients infected with H pylori (a known risk factor for gastric cancer). However, this seems unlikely *Eighteen cases (11 men, seven women) had multiple site cancer and were excluded from individual site categories. †Figure is less than total number of controls for each site individually as some patients were by chance selected as controls for more than one patient because similar raised risks were found for oesophageal cancer and because adverse effects of these drugs have not been convincingly shown to be more common in people who are infected.
Non-gastrointestinal cancers
We found little evidence of protective effects of non-steroidal anti-inflammatory drugs on nongastrointestinal cancers. Protection against breast cancer has been suggested by two studies (one of aspirin 9 and one of other non-steroidals 14 ) but not by other studies that examined aspirin exclusively 2 15 or predominantly. 16 Our study is larger than these and found no evidence of protection despite the experimental finding that development of mammary tumours is inhibited by such drugs. 4 One study has suggested pro- tection against lung cancer, 9 but this finding was not supported by two others 15 17 or by our study, which was larger than the other studies.
Our finding of a possible increased risk of pancreatic cancer needs interpreting cautiously. The difficulty in diagnosing pancreatic cancer could lead to non-specific prescription of analgesics. Although nonsteroidal anti-inflammatory drugs are not usually prescribed for the long term relief of abdominal pain, they might be used for back pain. The relation we found is unlikely to be due to residual confounding by smoking since adjustment for smoking made little difference to the odds ratio estimates. The apparent doseresponse relation, although not significant, supports the possibility of a causal relation.
The highly significant association between drug use and prostatic cancer in our data is unexplained, but it is noteworthy that it does not seem dose related. The finding runs counter to recent evidence that nonsteroidal anti-inflammatory drugs may slow progression of prostatic cancer 18 and could, despite the level of significance, represent a chance finding or perhaps the treatment of undiagnosed bone pain.
We have failed to show that people taking anti-inflammatory drugs (most of whom have nonspecific degenerative disease 19 ) have reduced general risks of cancer. These findings agree with those of studies in people with rheumatoid arthritis, 2 10 11 which have found no convincing evidence of altered overall risk of cancer despite heavy use of anti-inflammatory drugs. The reasons why patients with gastrointestinal cancer may be relatively protected are unclear, but simple dose effects seem possible.
Validity of results
Our data may be criticised on the grounds that the drug prescription periods examined were relatively close to the time of diagnosis of cancer. However, trends towards protection were at least as evident for drug prescriptions 25-36 months before cancer diagnosis as in the 13-24 months beforehand. Secondly, examination of individual patient records indicated that the same patients were likely to receive prescriptions in the two periods. This agrees with other evidence suggesting that people taking antiinflammatory drugs tend to do so long term. Furthermore, although it is plausible that such drugs might be prescribed to people with undiagnosed cancer, it is difficult to understand why they might be relatively underprescribed in patients with gut epithelial cancers.
We were unable to allow for the possible effects of alcohol consumption as a potential confounder and were limited in our ability to allow for smoking habits. However, it is difficult to see why, in oesophageal cancer in particular, such confounding would be likely to bring out, rather than diminish, any protective effects associated with use of anti-inflammatory drugs. Use of over the counter drugs is unlikely to be a significant confounder because people older than 60 years (the main age group for cancer) know that they can obtain any drugs needed free through general practice prescription. In addition, in the past we found little evidence of large scale over the counter purchases. 19 For all these reasons we consider that our evidence of protection against gut epithelial cancer outside the pancreas is well founded. Finally, although cancer diagnoses were not formally validated, the checks conducted by the general practice research database on diagnoses have been accepted as giving high reliability. 6 
Mechanism of protection
Colon cancer has been intensively studied, and up regulation of the cyclo-oxygenase 2 (cox-2) gene has been consistently shown in 80% or more of cancers. 20 21 Up regulation of cox-2 expression has been shown in tumours of the oesophagus, stomach, and breast, [22] [23] [24] but evidence of protection against breast cancer is insecure. The assumption that cox-2 inhibition is the critical mechanism may not be justified, although gastrointestinal effects could reflect responses to high levels of direct drug exposure.
We conclude that although aspirin and other non-steroidal anti-inflammatory drugs may protect against gut epithelial cancers, there may be no overall benefit from use of non-selective cox-2 inhibitors in preventing cancer. Further investigation is warranted to confirm or refute that use of such drugs raises the risks of pancreatic and prostatic cancers.
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